Spatial frequency manipulations have been shown to have significant utility in ascertaining the various types of information that might be important in object identification and recognition tasks. This utility suggests that, given some mapping between ranges of spatial frequencies and different types of psychological information, it should be possible to examine the roles of these different types of psychological information by way of spatial frequency manipulations. One potential problem, however, is that there is no well-specified, unambiguous mapping between the distinctions in the frequency domain and the distinctions in the informational domain. Three experiments provide tests of three general hypotheses regarding the ways in which different spatial frequencies might map to different information in facial perception and memory tasks: (1) the low-frequency dominance hypothesis, which proposes that low-frequency information should be superior (to high-frequency information) as a cue to perception and memory; (2) the distinct informational roles hypothesis, which holds that high spatial frequencies should carry featural information while low spatial frequencies should carry information about the configuration of those features; and (3) the task-dependent information hypothesis, which suggests that high-frequency information should be best suited to discrimination tasks while lowfrequency information should be best suited for recognition tasks. Results generally contradict the first two of these hypotheses, while providing support for the third. Implications with regard to the various issues related to the mapping between spatial frequencies and the informational content of faces, as well as the need to consider important interactions among perceptual and memory processes, are discussed.
or Gestalt characteristics of the image. In particular, Ginsburg (e.g., 1978 Ginsburg (e.g., , 1986 has championed the view that such Gestalt relationships are captured almost entirely by the low-frequency channels in the visual system. Although in principle configural characteristics need not be confined to the low frequencies, particularly if configuration can be assessed by the geometric relations among the constituent features, it is not unreasonable to think that configural information in some way requires those attributes of the stimulus patterns that have been hypothesized to be preferentially carried by the lower spatial frequencies. Indeed, this notion has been stated, at least in heuristic form, in the literature on face perception and memory, (Bruce, 1988; Harvey, 1986; Sergent, 1984 Sergent, , 1989 and appears in contemporary textbooks (e.g., Goldstein, 1996) . This hypothesis is compatible with, although not identical to, the notion that configural processing implies that either limited or no featural decomposition occurs (see also discussions in Ellison & Massaro, 1997; Tanaka & Farah, 1991 , 1993 Tanaka & Sengco, 1997) .
Yet this heuristic, in spite of its wide use (see reviews in Uttal, 1988; Uttal et al., 1995a Uttal et al., , 1995b Uttal et al., , 1997 , runs into some distinct problems. First, and possibly most important for present purposes, the validity and coherence of the mapping between ranges of spatial frequencies and those aspects of the stimulus that support performance indicative of configural, holistic, featural, and so on, processing is compromised by a lack of definitional precision with respect to the latter constructs. For example, consider the proposal that low spatial frequencies transmit configural information. Now further consider the possibility that such configural information may be operationally defined in terms of (or functionally equivalent to) the geometric relations among elements within the stimulus. If these proposals are valid, then a change in the relative locations of elements within the stimulus (e.g., flaring of the nostrils, widening of the mouth or eyes, etc.) would, by these assumptions, constitute configural changes-changes that by the hypothesis of the preceding paragraph should be best detected on the basis of information in the low spatial frequencies. However, in this scenario, the high spatial frequencies (which should, by extension of the hypothesis of the preceding paragraph, preferentially capture local or featural information) may be well suited to allowing detection of such a change (see, Parker, Lishman, & Hughes, 1996) because of their ability to support the evaluation of distances between feature edges. The result of this application of the heuristic is, thus, a contradiction. Second, the heuristic oversimplifies the distinction between global and local processing (see, e.g., Hughes, Nozawa, & Kitterle, 1996; Lamb &Yund, 1993 . Third, in some applications it overlooks the degree to which various spatial frequency ranges might function to support performance in task-specific ways (see, e.g., Uttal et al., 1995a Uttal et al., , 1995b Uttal et al., , 1997 . 3 One goal of the present effort was to document some of the critical problems (including the definitional problems associated with terms such as configural, relational, featural, global, local, etc.) associated with three forms of the heuristic represented schematically in Figure 1. To begin, consider the possibility that all or even most face perception, and later memory, might be driven by con- 
figural information. If configural characteristics were associated with low frequencies, as one version of the heuristic would suggest, then the immediate inference would be that low-frequency processing would be responsible for the bulk of face perception and, probably, memory as well.
The possibility that much of real-world visual perception is governed by low frequencies is bolstered by the fact that spectral power of the various frequencies in visual scenes is proportional to 1/ƒ (see, e.g., Sergent, 1989) . That is, low frequencies dominate the high frequencies in the kinds of things we actually look at, for any sector or scale of an image. If this is so, then performance on tasks requiring use of this information (where sector or scale has been suitably controlled, or possibly matched, from initial exposure to later recognition test), such as a decision about whether a presented face has been seen before or a judgment about the similarity of that face to one seen previously should indicate a clear and general (i.e., taskindependent) dominance of the low-frequency information (see panel A of Figure 1 ). For instance, if a target face (either in the task display or in memory) must be matched against a distractor or identical face that has been filtered to pass either the high or low frequencies, then the latter should be more effective, independent of the task and independent of the retention interval (RI). We will refer to this assertion-the first of three we test in the experiments below-as the low frequency dominance version of the heuristic. An alternative version of the heuristic is the hypothesis that the higher frequencies are primarily responsible for encoding featural information whereas the lower frequencies capture configural information. In this case, the relative importance of the particular frequency range should be a function of the type of information that is available at either encoding (initial perception) or later retrieval. For example, according to this version of the heuristic, one would expect that featural aspects should survive a highpass filtering of the test stimuli, leading to the prediction that if test items involve a change to features (as we are using the term here), then they should be accurately rejected in a recognition task and accurately be judged to have low similarity to the original target, independent of the length of the RI (see panel B of Figure 1 ). Lowpass filtering of these types of stimuli would support much lower levels of recognition accuracy and higher (less accurate) levels of judged similarity, with this effect again being independent of the length of the RI. However, lowpass filtered stimuli should support accurate rejection and low perceived similarity for probes involving a change in the configuration of features. We refer to this second hypothesis as the distinct informational roles version of the heuristic. 4 Another version of the heuristic, one that can include both the low-frequency dominance and distinct informational roles hypotheses, is the suggestion that there is some "critical band'' of frequencies that handles the bulk of face processing. This concept is potentially more difficult to falsify than the two hypotheses it includes. For example, the critical band could be defined such that it encompasses particular frequencies that might otherwise be labeled as "low'' or "high.'' Indeed, the results of careful attempts to decide this issue are somewhat mixed (but see Costen et al., 1996 , for a recent examination and update of this approach). The present work cannot rule out all band intervals as particularly suited to faces, but the regular, yet not simplistic, empirical results that follow will suggest that a strong version of such a hypothesis may have limited generality.
Despite the continuing exertions to find simple solutions in terms of categorical commitment to certain frequency bands in face cognition, there is a growing sense that distinct spatial frequency ranges may be called upon preferentially in different cognitive tasks. This general idea represents the third of the three versions of the heuristic that we consider and will be referred to as the taskdependent information hypothesis. One of the first studies to strongly suggest such a possibility was that of Sergent (1986) ; lower spatial frequencies appeared to support age and sex discrimination but not identification. Since then, other papers supporting the notion that the particular pattern of results may reflect critical task dependencies have appeared (e.g., Fiorentini, Maffei, & Sandini,1983; Hayes, Morrone, & Burr, 1986) . For example, Abdi, Valentin, Edelman, and O'Toole (1995) noted that in the principal component analysis approach to segregating different types of information in a facial stimulus, the largest valued eigenvectors of an image (those having a correspondence to low-frequency information) may support general category-level decisions, whereas the lowest valued eigenvectors (those having a correspondence to highfrequency information) may support decisions specific to particular previously learned stimuli. 5 And, notably pertinent to our study, Uttal et al. (1995a Uttal et al. ( , 1995b Uttal et al. ( , 1997 performed experiments whose analyses decisively pointed to low-frequency information being critical in recognition and high-frequency information being most important in discrimination tasks. 6 This type of finding suggests that, unlike the two preceding hypotheses, the task-dependent information hypothesis may imply a dependency on the length of the RI (Figure 1 , panel C). For example, when two stimuli (target and test probe) are presented simultaneously, the RI is effectively 0, and the task is one that we would commonly think of as discrimination. In contrast, when the two stimuli are separated in time, the RI is greater than 0 and the task is commonly one that we would think of as recognition. We should note that this simple example conflates RI and task instruction; we clarify and adhere to a more precise distinction as our presentation develops below.
Thus, this third hypothesis is distinct from the preceding two in a critical way, one that places important bounds on the use of spatial frequency manipulations in examining issues of facial perception and memory. That is, evidence for task dependencies such as those just noted points to a critical issue that can be lost when one bases experimental exploration solely on aspects of stimulus in-formation. Specifically, task dependency highlights the need to consider both aspects of the stimulus information and how that information is used. Moreover, the importance of considering both of these aspects has been critical in revealing the incompleteness of a variety of simple dichotomies in the memory literature (e.g., Blaxton, 1989; Weldon & Coyote, 1996; Weldon, Roediger, Beitel, & Johnston, 1995) and it is at the foundation of suggestions that memory performance is a function of the interaction of presented (perceptual) information and retained (mnemonic) information (e.g., "synergistic ecphory, " Tulving, 1983) .
The interaction of aspects of stimulus information and aspects of task requirements was manipulated in the experiments presented here. Specifically, manipulations of both RI and response instruction were used to construct response situations that were most similar to either typical discrimination or recognition tasks. For the former, we used a 0-sec RI and instructions requiring the comparison of the simultaneously present target and probe faces. For the latter, we used 1-and 20-sec RIs and instructions requiring a yes/no recognition response. In addition, we included instructions for comparison at these two longer RIs. The general prediction derived from the task-dependent information hypothesis was that if, as indicated by the results of Sergent (1984 Sergent ( , 1989 and Uttal et al. (1995a Uttal et al. ( , 1995b high-frequency information is best suited to support discrimination while low-frequency information is best suited to support recognition, then performance with stimuli that preserve the low-frequency components should show an increasing advantage (relative to stimuli that preserve the high-frequency components) with increases in RI.
However, there are at least two factors that could influence the general predictions of each of these three hypotheses. First, there is a well-documented and somewhat intriguing interaction between target-distractor similarity and RI that could influence the relative salience of highand low-frequency stimulus information. Generally, intuition suggests and numerous experimental results have documented that increasing RI will lead to lower levels of accuracy or reduced levels of precision in memory tasks (e.g., Brown, 1958; Nairne, 1991 Nairne, , 1992 Peterson & Peterson, 1959; Wixted & Ebbesen, 1991) . However, with distractors and targets that have a high degree of perceived similarity, recognition performance has been shown to improve across short RIs (e.g., Read, Vokey, & Hammersley, 1990) . Specifically, when targets and distractors are presented in the same perceptual modality, recognition performance can be reliably disrupted by highly similar distractors, with this effect being most pronounced at short RIs and falling off as the RI increases (Glenberg, 1984) . This interaction between stimulus similarity and RI has been shown in verbal materials (Chandler, 1993) and with facial stimuli (Shepherd, Gibling, & Ellis, 1991) . With adults, the interacting effects of similarity and RI have been shown to disrupt not only memory for item information (e.g., item recognition) but also memory for order information (Anderson, 1980) . With faces, the effect can be observed with adults (Shepherd et al., 1991) , school-age children (Ellis & Flin, 1990) , and even infants (Fagan, 1977; Valenza, Simion, Cassia, & Umiltà, 1996) .
Thus, increases in target-distractor similarity can potentially function to increase the degree to which discrimination processes are required. In this case, it is possible that stimuli that preserve high-frequency information could show an advantage relative to stimuli that preserve low-frequency information even when the response instructions emphasize recognition. However, given the regularity of the interaction between target-distractor similarity and RI, it becomes an intriguing empirical question whether one would expect any advantage for high-frequency information (relative to low-frequency information) to be restricted to the shortest RIs. This mandates that some measure of perceived similarity be obtained at each of the RIs in each of the experiments.
A second factor that could alter the general prediction for superior performance with low-frequency information with increases in RI is the degree of perceptual match that might exist between the internal representation (itself a function of the characteristics of the originally presented stimulus) and the probe stimulus. In studies involving spatial frequency manipulations, it is common to present unfiltered target items and filtered test probes; this was the approach used in our Experiment 2. Although it has been documented that recognition is a task that appears to benefit preferentially from high-level or conceptually driven processing at encoding (e.g., Goshen-Gottstein & Moscovitch, 1995; Roediger, Weldon, & Challis, 1989) , there is also evidence that the low-level perceptual match between study and test stimuli exerts an influence on test performance (e.g., Rajaram, 1996; Weldon et al., 1995) . Consequently, it might be possible to obtain higher levels of performance in a recognition task with high-frequency probe stimuli if the originally encoded stimuli were also high-pass frequency filtered. This possibility was tested in Experiment 3.
Our general goals in the present investigation, then, were to explore the three versions of the heuristic that relates ranges of spatial frequencies to various aspects of psychological information: the low-frequency dominance, distinct informational roles, and task-dependent information hypotheses. Since each of these hypotheses concerns the use of specific ranges of spatial frequencies, it was necessary to have basic measures of discriminability (d′ ) and perceived similarity for the stimulus sets in the absence of filtering. This was provided by Experiment 1. In order to test the low-frequency dominance and distinct informational roles hypotheses, it was necessary to have probe stimuli in which either low-or high-frequency ranges were preserved. This was done in both Experiments 2 and 3. Tests of the distinct informational roles hypothesis also required stimulus manipulations involving distractors formed by changing the featural properties alone, the configural properties (specifically, the physical relations among the constituent features) alone, both of these, or total distractors (i.e., completely novel faces). This ma-nipulation corresponds to standard approaches to investigating the roles of featural and configural information in facial cognition (e.g., Tanaka & Farah, 1991 , 1993 .
We should note that critical to the tests of each of these hypotheses is the provision of an operational definition of high-and low-frequency bands. We obtained this definition by determining a midrange frequency cutoff that equated overall similarity ratings for specific stimuli across low and high levels of spatial frequencies. This was accomplished in the calibration experiment reported in the Appendix. This strategy was intended to perhaps offset the advantage that low frequencies may have in faces, mentioned earlier, and to more or less level the playing field in general. We should also note that one crucial dilemma has confronted all studies with which we are familiar that have attempted to answer the above and similar questions involving faces and frequencies (and many other studies in general perception as well). The dilemma we are referring to concerns the thorny distinction between absolute frequencies (e.g., cycles/centimeter) and relative frequencies (e.g., cycles/face). Adding to the perplexity is the idea that if configural information is important, we surely must be able to process it at different scales, within limits, and the same would hold for featural content. Of course, it could happen that the weighting of configural versus local features could change as the overall scale is varied. Since the present work was not designed to adjudicate this controversy, we report our filtering manipulations (see the Appendix) in both cycles/ degree and cycles/face.
GENERAL METHOD
In all three experiments reported here (along with the calibration study reported in the Appendix), we used a similar set of materials and procedures. Consequently, we report the general approach here and note specific modifications in the presentation of each experiment.
Participants
All participants were recruited from introductory psychology courses at Indiana University and received course credit for their participation. All participants reported normal or corrected-tonormal vision.
Materials
Stimuli were digitized black-and-white photographs of faces taken from an alumni yearbook. All faces were frontal views of young, Caucasian males and females and lacked any extraneous features (such as facial hair, glasses, ornamental jewelry, or hats). Stimuli were captured via a Sony CCD/RGB video camera and were digitized using the ATT Sable image manipulation software.
A total of 32 faces were used to construct 16 sets of stimuli. Each set of stimuli consisted of a target (unmodified) face, a distractor face (of a different individual of the same sex), and four modified faces. The four modified faces were constructed from the target and distractor faces by changing the features, the relative position of features (their configuration), or both the features and their relative position. The design of each stimulus set is summarized in Table1, and examples of each stimulus type are presented in Figure 2 . 7 One modified stimulus in each set was constructed by swapping the mouth of the target face with that of its paired distractor face. Another two modified stimuli in each set were constructed by changing only the configuration of a feature within the target face. The first was constructed by moving the mouth of the target face down 3 pixels and the second was constructed by moving the mouth of the target face up 3 pixels. 8 The final modified stimulus was constructed by swapping the internal portion of the target face (eyebrows, eyes, nose, and mouth) with that of the paired distractor face.
All stimuli were presented using a VGA display controlled by a PC-compatible microcomputer, and participants responded using the keyboard of this PC. Participants were seated at an unconstrained distance of approximately 100 cm from the screen. At this distance, stimuli subtended approximately 2.75º of visual angle for width and approximately 3.80º of visual angle for height. The filtering procedures used in the calibration study and in Experiments 2 and 3 are reported in the Appendix. Examples of the filtered stimuli are presented in Figure 3 .
Design
The basic design for each experiment was a 5 (stimulus manipulation: target, configuration change, feature change, configuration and feature change, distractor; see Table 1 ) ϫ 3 (retention interval: immediate, short, long) factorial, with both factors manipulated within participants. This design was supplemented with a betweenparticipants manipulation of stimulus filtering in Experiments 2 and 3.
Procedure
Each trial in each experiment was initiated by participants and began with a .5-sec presentation of a fixation point in the center of the screen. The fixation point was replaced with the target stimulus, which remained on the screen for 1.5 sec in the short and long RI conditions. In the immediate condition, the target stimulus was simultaneously presented alongside one of the six possible probe stimuli for a total of 5 sec. Following presentation of the target in the short RI condition, the screen was blanked for 1 sec, after which one of the six possible probe stimuli was presented. In the long RI condition, a 20-sec period followed the presentation of the target stimulus, during which participants were shown a digit and were then required to count the number of occurrences of that digit in a random sequence of digits. 9 This distractor task was presented on the screen and replaced the target stimulus. Following the presentation of the last digit in the sequence, participants were required to provide the total number of occurrences of the target digit using the numeric keypad.
In the immediate condition, participants were required to rate the similarity of the probe stimulus to the target using a scale ranging from 0 (completely dissimilar) to 9 (identical). Ratings were made using the numeric keypad of the computer. There was no speed stress for this response; participants were instructed to rate the magnitude of the difference (if any) they perceived between the target and probe faces. Participants were asked to respond within 8 sec of stimulus onset (5-sec stimulus presentation and no more than 3-sec delay following).
Following the RI in the short and long RI conditions, the probe was presented and participants made two responses-a yes/no Note-See text for details. Letters in parentheses refer to the specific panels of Figure 2 . Note that the change in configuration refers to change in the relative position of facial features.
recognition decision followed by a similarity rating. Participants were instructed to respond "yes'' if the comparison stimulus was the same as the target stimulus and "no'' if it was different. Participants responded using keys in the upper left and right corners of the keyboard for "yes'' and "no'' responses, respectively. Participants were instructed to respond as quickly and as accurately as possible; responses with latencies of greater than 3 sec were discarded prior to analyses. After making their recognition decision, participants in the short and long RI conditions were asked to rate the similarity of the comparison and target stimuli using the procedure described above. For each participant, eight sets of stimuli were randomly assigned to each of the short and long RI conditions. All 16 sets were presented to each participant in the immediate condition. Every possible pairing of a target with a comparison stimulus from the set was used. The short and long RI conditions were always performed first, with the specific ordering determined randomly for each participant. 
Within each of the three RI conditions, order of pairs was randomized for each participant.
EXPERIMENT 1
Experiment 1 was conducted to provide a baseline for the effects of filtering used in Experiments 2 and 3.
Method
A total of 21 participants (14 females and 7 males) participated in Experiment 1. All stimuli used were unfiltered and all other aspects of the design and procedure were as described in the General Method.
Results
All results reported here and throughout the paper were significant at p < .05 unless otherwise noted. We begin with data relevant to perceived similarity and then consider discriminability. 10 Figure 4 presents the mean similarity ratings obtained for each of the stimulus manipulations as a function of RI. These similarity ratings were analyzed using a 5 (stimulus manipulation: target, configuration change, feature change, configuration and feature change, distractor; see Table 1) ϫ 3 (RI: immediate, short, long) mixed-factorial analysis of variance (ANOVA). As anticipated, this analysis revealed a main effect of stimulus manipulation [F(4,80) = 295.78, MS e = 2.04]. Planned comparisons indicated that each of the probes was rated as less similar to the target than was the target stimulus. The main effect for RI was marginal [F(2,40) = 2.67, MS e = 0.84, p = .06], with the highest similarity ratings being provided in the short RI condition (6.13), followed by the immediate (6.04) and the long (5.85) RI conditions. These higher ratings for the short RI condition were most pronounced for the feature manipulation (Figure 4) .
On the basis of these similarity ratings, we anticipated that the discriminability of stimuli would be lower in the short RI than in the long RI conditions. Mean discriminability data (in d′) for the target stimulus with respect to each of the manipulations are presented in Figure 5 , with the values in parentheses next to the data points being the value of ␤ associated with that of d′. Following Macmillan and Creelman (1991), we calculated 95% confidence intervals for these means (see also Gourevitch & Galanter, 1967; Miller, 1996) , and used these confidence intervals as the basis for our analysis. As can be seen in Figure 5 , discriminability improved as a function of RI for the configuration and feature manipulations, with no difference due to RI being observed for the stimuli involving a change in both configuration and features or for the distractor stimuli. Thus, impairment of performance due to high similarity at short RIs that has been observed in previous work with both faces and nonfacial stimuli (e.g., Chandler, 1993; Glenberg, 1984; Shepherd et al., 1991) was obtained in Experiment 1.
With these results as a baseline, we can now move to considering tests of the three versions of the heuristic relating spatial frequencies to psychological information in this task. Recall that if the low-frequency dominance hypothesis is correct, then lowpass filtering should result in lower similarity ratings and higher d′s for all distractors, relative to highpass filtering, with these effects being in- dependent of RI. If the distinct roles hypothesis is correct, then highpass filtering should produce the best levels of performance (highest levels of discriminability and lowest levels of rated similarity for distractors) when the stimuli involve featural changes, whereas lowpass filtering should produce the best levels of performance when the stimuli involve changes in featural configuration, with these effects again being independent of RI. Finally, if the task-dependent information hypothesis is correct, then the best levels of performance should be observed with highpass filtered stimuli when the task preferentially requires discrimination processes (e.g., at short RIs), whereas the best levels of performance with the lowpass filtered stimuli should be observed when the task preferentially requires recognition processes (e.g., at long RIs).
In order to perform the filtering manipulations, it was first necessary to determine a spatial frequency that would allow the spatial frequency spectrum to be divided into a high and low range. Our goal was to determine a frequency cutoff point that would allow for equivalent performance (as measured by immediate similarity ratings) when frequencies above or below were removed from stimuli. The Appendix reports in detail the method and results of the experiment conducted to determine this cutoff frequency. This cutoff frequency was then used in the construction of the stimuli involved in Experiments 2 and 3.
EXPERIMENT 2 Method
Materials. The 16 sets of stimuli used in Experiment 1 were used to create two new sets of stimuli consisting of 16 sets each. The first of the two sets was created by filtering the five distractors in each set using a highpass filter with a cutoff frequency of 12 cycles/face (4.2 cycles/degree). The second was created by filtering the five distractors in each set using a lowpass filter with a cutoff frequency of 12 cycles/face (4.2 cycles/degree). The target stimuli in each set were not filtered. For reference, examples of the filtered stimuli are presented in Figure 3 .
Participants, Design, and Procedure. A total of 24 participants (15 female, 9 male) were recruited from the source described in the General Method. The experiment was conducted as a 2 (filtering condition: lowpass, highpass) ϫ 3 (RI: immediate, short, long) ϫ 5 (stimulus manipulation: target, configuration change, feature change, configuration and feature change, distractor; see Table 1 ) mixed factorial, with filtering condition being a between-participants factor and RI and stimulus manipulation being within-participants factors. All aspects of the procedure were identical to those described in the General Method.
Results and Discussion
The mean similarity ratings given to each of the stimulus manipulations, as a function of both RI and filtering conditions, are presented in the three panels of Figure 6 . These data 11 were analyzed using a 2 (filtering condition: lowpass, highpass) ϫ 3 (RI: immediate, short, long) ϫ 5 (stimulus manipulation) mixed-factorial ANOVA. Importantly, there was no main effect for filtering condition (F < 1), suggesting that our choice of cutoff frequency succeeded in equating similarity across the high-and lowfrequency ranges. The analysis did reveal a main effect for stimulus manipulation [F(4,88) = 61.92, MS e = 1.36]. Although Figure 6 (see the leftmost and rightmost panels) suggests that the stimuli involving either a feature or configuration change alone might have been rated as less similar to the target than was the target (as in Experiment 1), these differences were not significant (both Fs < 1.50, ps > .20). This lack of a significant difference may have been due in part to the fact that targets in Experiment 2 were given lower overall similarity ratings than were those in Experiment 1. (This, in turn, may be due to a lack of perceptual match between the test probes and the originally encoded, unfiltered, targets, a possibility we discuss below and test in Experiment 3.) In contrast, and consistent with the results of Experiment 1, the stimuli involving a change in both feature and configuration and the distractor stimuli were rated as less similar to the target than was the target [F (1,22) There was also an interaction between stimulus manipulation and filtering condition [F(4,88) = 8.44, MS e = 1.36]. This interaction can be seen in the crossover of the curves representing the lowpass and highpass filtering data in each of the three panels of Figure 6 . Essentially, the lowpass filtering condition produced higher similarity ratings (relative to the highpass filtering condition) for the stimuli involving featural or configural changes alone, but produced lower similarity ratings for the stimuli involving both types of change and for the distractor face. This crossover would seem to provide evidence contradicting the low-frequency dominance hypothesis, which would predict lower similarity ratings for all of the lowpass filtered stimuli relative to the highpass filtered stimuli.
According to the distinct informational roles hypothesis, one would expect that the lowpass filtered stimuli involving configural changes alone would be rated lower in similarity than the highpass filtered versions of these stimuli. In addition, one would expect that the highpass filtered stimuli involving featural changes would be rated lower than the lowpass filtered versions of these stimuli. As is apparent in Figure 6 , the latter was true across RI conditions, but the former was not. The lowpass filtered stimuli involving a change in configuration (i.e., a change in the relative position of the anatomical features) were perceived as more similar than were the same stimuli when highpass filtered. Although it could be the case that the lowpass filtering introduced a unique source of noise, one would expect that this noise would be independent of type of stimulus manipulation, meaning that the observed crossover would not be predicted.
The similarity ratings do, however, appear to generally offer mixed of support for the task-dependent information hypothesis. If we assume that the task of providing a similarity rating is the same at each RI (though the memory information used may differ as a function of RI), then one would expect that highpass filtered stimuli would result in lower similarity ratings than would lowpass filtered stimuli. This is because this task was designed to be maximally dependent on discrimination processes that, according to the task-dependent information hypothesis, rely preferentially on high-frequency information. This pattern was observed for targets and for the configural and featural changes alone. It was not observed for distractors involving both types of changes or for new distractors. In addi- tion, the advantage of highpass filtered stimuli that was present for the target, configural change, and featural change stimuli with simultaneous (0-sec RI) presentation was attenuated or absent at the 1-sec RI and reappeared at the 20-sec RI. This suggests that the interacting effects of RI and similarity in the recognition task might also be a factor in the similarity rating task. Still, we should note that at least for three stimulus types, the proposal that a task designed to be functionally similar to discrimination showed a marginal advantage for high-frequency information. Figure 7 presents the discriminability data (in d′ ) for each of the stimuli relative to the target in the 1-sec and 20-sec RI conditions. As before, we calculated 95% confidence intervals to guide our analysis of these data. Recall that the low-frequency dominance hypothesis predicts higher d′ s for all distractors in the lowpass filtering condition (relative to highpass filtered stimuli), whereas the distinct informational roles hypothesis predicts superior performance for the highpass filtered stimuli (relative to the lowpass filtered versions) involving featural changes and superior performance for the lowpass filtered stimuli (relative to the highpass filtered versions) involving configural changes. In addition, the task-dependent information hypothesis suggests that these differences, particularly the latter, should increase with increasing RI, as the task demands shift to become similar to those of a recognition task.
An initial observation of interest in the discriminability data presented in Figure 7 is the general agreement between these data and the similarity ratings presented in Figure 6 . Note that higher similarity ratings for all distractors should correspond to lower discriminability, and indeed this is what we observed. In particular, note that probes involving only configuration or feature changes were given slightly higher similarity ratings in the lowpass filtering condition than in the highpass filtering condition (but with some qualification regarding the nonsignificant differences in the long RI condition). In contrast, probes involving both types of change (or distractors) were given lower similarity ratings in the lowpass filtering conditions than in the highpass filtering condition. A corresponding crossover (left panel) or separation (right panel) is apparent in the discriminability data, with a pronounced advantage in discriminability for the lowpass filtering condition relative to the highpass filtering condition for the probes involving both feature and configuration changes and for the distractors. This consistency between our two dependent variables is pleasing from a methodological standpoint and underscores the failure of both the low-frequency dominance and the distinct informational roles hypotheses.
It does appear that the highpass filtered stimuli involving featural changes were more discriminable than the corresponding lowpass filtered stimuli at the short RI (where the task could be functionally similar to a discrimination task), but this difference disappeared at the long RI. This would seem to be generally consistent with the task-dependent information hypothesis. Moreover, the superior discriminability of the lowpass filtered stimuli relative to the highpass filtered stimuli actually increased with increasing RI. For the lowpass filtered stimuli, overall d′ was 1.29 in the short RI condition and 1.13 in the long RI condition, with the 95% confidence intervals for these means overlapping (see the inset to Figure 7) . In contrast, for the highpass filtered stimuli, the overall d′ was .96 in the short RI condition and .62 in the long RI condition, with no overlap in the 95% confidence intervals for these means. Thus, it appears that the ability of the highpass filtered stimuli to cue memory decreased as a function of increases in RI, whereas the ability of the lowpass filtered stimuli did not change appreciably across RI.
This apparent difference in the robustness of these two types of cues may be the source of the effect documented by Harmon and Julesz (1973) and is consistent with the findings and conclusions reported by Uttal et al. (1995a Uttal et al. ( , 1995b Uttal et al. ( , 1997 . Although it is true that low-frequency information contains more power than high-frequency information (see Costen et al., 1996; Edwards, 1967) , there is at present no principled way to predict how this difference would produce effects at different RIs. We return to this point in the General Discussion.
In sum, the results of Experiment 2 appear to generally contradict the predictions of both the low-frequency dominance and the distinct informational roles versions of the heuristic relating ranges of spatial frequency to different types of psychological information, while being generally consistent with the task-dependent information hypothesis (e.g., Uttal et al., 1995a Uttal et al., , 1995b Uttal et al., , 1997 . Relative to the low-frequency dominance hypothesis, lowpass filtering did not produce generally lower levels of perceived similarity or higher levels of d′ for distractors than did highpass filtering. Relative to the distinct informational roles hypothesis, it was not the case that featural manipulations were detected or discriminated from originally learned faces better with highpass filtered probes or that configural changes were detected or discriminated better with lowpass filtered probes. Instead, lowpass filtered stimuli seemed to permit higher similarity ratings when features or configuration were manipulated alone but supported lower (implying higher accuracy in d′ ) similarity ratings when both features and configuration were changed. And in terms of discriminability, lowpass filtered stimuli appeared to be become more effective in their ability to probe memory with increases in RI.
Still, there remains the fact that highpass filtered stimuli did produce higher levels of performance (lower rated similarity and higher d′ ) relative to the lowpass filtered stimuli, with the stimuli that involved only a change in features at the short RI. This is congruent with the distinct informational roles hypothesis and, in spite of the other evidence contradicting that hypothesis, requires additional exploration. There is at least one possible explanation for this superior performance that does not require accepting the distinct informational roles hypothesis. Specifically, consider the fact that at the short RI, the test task closely resembles a discrimination task, in that a 1-sec unfilled RI was used. This RI is short enough, and faces are generally memorable enough, that participants might functionally treat the task at this RI as a discrimination task. Now consider the fact that whereas the probes were filtered, the targets were not. Thus, the highpass filtered stimuli could allow for the detection of the types of local discrepancies (present for both featural and configural manipulations) noted as critical in the performance of discrimination tasks by Uttal (1995a Uttal ( , 1995b . A similar alternative hypothesis is that the general degree of perceptual match between the studied stimulus and the comparison probe was lower in the highpass filtering condition for stimuli involving only one type of change. This would be similar to the notion of encoding specificity (see Tulving, 1983; Tulving & Thomson, 1973) and consistent with the findings of perceptual effects in the conceptually driven task of recognition (Rajaram, 1996; Weldon et al., 1995) .
Fortunately, it is straightforward to test these alternatives. Specifically, if the general perceptual match between the originally studied item and the probe is responsible for the superior discriminability of the stimuli involving feature changes alone (at the short RI), rather than aspects of processing pertinent to the correspondence hypothesis, then filtering the studied stimuli (the targets) should remove this performance advantage. In contrast, if certain aspects of processing relevant to the correspondence hypothesis are of primary importance, then filtering the target stimuli should have no effect: The obtained performance advantage should remain.
EXPERIMENT 3
As noted, it is possible that the evidence obtained in Experiment 2 in partial support of the distinct informational roles hypothesis was due to the ability in the highpass filtered conditions to detect the lower degree of perceptual match, due to the fact that the targets were unfiltered whereas the probe stimuli were filtered. In order to check this possibility, targets in Experiment 3 were filtered using the same filters used for the probes in each condition.
Method
A total of 12 participants (8 females and 4 males) were recruited from the source described in the General Method. All other aspects of Experiment 3 were identical to those of Experiment 2, with one exception. In Experiment 3, targets were filtered at the same level as the corresponding probes.
Results and Discussion
The mean similarity ratings obtained for each of the manipulations in each of the filtering and RI conditions are presented in the three panels of Figure 8 . These data 12 were analyzed using a 2 (filtering condition: lowpass, highpass) ϫ 3 (RI: immediate, short, long) ϫ 5 (stimulus manipulation) mixed-factorial ANOVA. In contrast to Experiment 2, this analysis did reveal a main effect for filtering condition [F(1,10) = 4.91, MS e = 7.60], with mean similarity being rated higher in the highpass filtering con- ditions (6.62) than in the lowpass filtering conditions (5.73). There was also a marginal main effect for RI [F(2,20) = 2.71, MS e = 1.61, p = .07], with rated similarity being higher in the immediate (6.38) and short (6.24) RI conditions than it was in the long RI condition (5.91). Finally, there was a main effect of stimulus manipulation [F(4,40) = 2.146, MS e = 11.77]. As in Experiment 2, and in contrast to Experiment 1, planned comparisons indicated that the stimuli that involved only featural or configural changes were rated as being as similar to the target as the target itself (both Fs < 1, ps > .49), while the stimuli that involved both featural and configural changes and distractor stimuli were rated as less similar to the target than the target itself [F(1,10) = 18.41, MS e =16.71, and F(1,10) = 34.48, MS e = 15.46, respectively].
With regard to the primary question, in contrast to Experiment 2, there were no crossovers in the similarity ratings: Highpass filtered stimuli were always rated as more similar than were lowpass filtered stimuli in each of the RI conditions. This would seem to indicate that increasing the perceptual match between targets and comparison stimuli had the most deleterious effect on the highpass filtered stimuli. We should note that this should not be interpreted as support for the low-frequency dominance hypothesis, since that hypothesis is enunciated with respect to the ability of filtered probes to cue unfiltered targets. On the basis of these similarity data, then, we would expect that discriminability should be superior in the lowpass filtered conditions for all manipulations. If obtained, this would imply that the evidence for the distinct informational roles hypothesis obtained in Experiment 2 (with respect to the featural manipulation at the short RI) was due primarily to a lack of perceptual match.
The discriminability of each of the stimulus types (relative to the targets) in each of the RI and filtering conditions is presented in Figure 9 , with error bars noting the 95% confidence interval for each plotted value. As is immediately apparent in this figure, there is no evidence for superior discriminability of the highpass filtered stimuli, for any of the manipulations at either of the RIs. Providing a perceptual match between the target and the comparison stimuli removed the observed superiority for the highpass filtered stimuli involving featural changes at the short RI observed in Experiment 2. This suggests that evidence that might have been interpreted as support for the distinct informational roles hypothesis was due to the lack of perceptual match that existed in Experiment 2 as a function of having the comparison stimuli filtered and the targets unfiltered.
For the short RI, discriminability for the lowpass filtered stimuli was higher than that for the highpass filtered stimuli for every manipulation except the distractor. (The confidence interval for the lowpass filtered stimulus involving a configural change extends down to .36 whereas the confidence interval for the corresponding highpass filtered stimulus extends up to .35, a difference that is impossible to discern in the figure.) For the long RI, the differences in discriminability between the lowpass and highpass filtered stimuli were significant for all manipulations (including the distractor) except the feature manipulation. Given the general patterns observed in these data, we are inclined to interpret this lack of a difference as an anomaly, subject to further evidence. Again, we should note that this cannot be unambiguously interpreted as support for the low-frequency dominance hypothesis, given the fact that both targets and probes were filtered.
Importantly, it appears that the superior discrimination performance obtained with the lowpass filtered stimuli was actually enhanced with increasing RI. The overall d′s for the lowpass and highpass filtered stimuli at the short RI were 1.85 and 1.51, respectively, while the corresponding d′s at the long RI were 2.05 and 1.50, respectively (see the inset in Figure 9 ). The overall increase for the lowpass filtered stimuli was significant, according to a lack of overlap of the appropriate confidence intervals. Essentially, the robustness of lowpass filtered stimuli as probes of memory, relative to highpass filtered stimuli, actually increased across the range of RIs used here, whereas the ability of highpass filtered probes to cue memory did not, even with a perceptual match between the targets and the probes. If the recognition task has a functional similarity to a discrimination task at the 1-sec RI, then this would provide additional evidence supporting the general predictions of the task-dependent information hypothesis (e.g., Uttal et al., 1995a Uttal et al., , 1995b Uttal et al., , 1997 .
GENERAL DISCUSSION
The results of the three experiments reported here suggest three important conclusions. First, there was scant support from our experiments for either the low-frequency dominance or the distinct informational roles versions of the heuristic relating spatial frequency to psychological information. Second, it appears that low-frequency information in facial stimuli can reliably cue recognition memory; this cuing ability of low-frequency information (relative to high-frequency information) appears to be reasonably immune from or even enhanced by the effects of increasing RI. Finally, the interacting effects of similarity and RI observed in both face and non-face stimuli in certain previous studies was observed here as well. We consider each of these conclusions in turn.
The first of our major conclusions has to do with the lack of support in our data for either the low-frequency dominance or distinct informational roles hypotheses. Recall that the low-frequency dominance hypothesis (see panel A of Figure 1 ) predicts that low-frequency information should support performance to a greater degree than high-frequency information and that it should do so for all the stimulus manipulations considered here. We found little evidence to support this prediction. Experiment 2 provides the most direct information pertinent to this point, and as can be seen in Figures 6 (similarity ratings) and 7 (discriminability), lowpass filtered stimuli did not support lower overall levels of rated similarity (for nontargets) or higher overall levels of discriminability (relative to highpass filtered stimuli). Lower perceived similarity cooccurring with lowpass filtering did appear for two of the five stimulus types in the similarity ratings and for two of the four stimulus types in the discriminability data. Although the superior levels of performance observed for the lowpass filtered stimuli in these cases may be due to differences in the power contained in the stimulus as a function of filtering (see, e.g., Costen et al., 1996; Edwards, 1967) , this hypothesis would not explain the differences that we observed as a function of RI (see below).
The distinct informational roles hypothesis (see panel B of Figure 1 ) predicts that high-frequency information should preferentially support the use of facial features whereas low-frequency information should preferentially support the use of their configuration. In the two experiments in which filtering manipulations were employed, we found only one bit of evidence supporting this prediction: This was the observation (in Experiment 2) of lower rated similarity and higher discriminability for probes involving only featural manipulations in the highpass filtering condition relative to the lowpass filtering condition. However, results of Experiment 3 strongly suggest that this evidence supporting the correspondence hypothesis may have been due to a simple degradation of the perceptual match between the target and comparison stimuli. This is because filtering the targets and probes at the same levels in Experiment 3 removed the advantage for the highpass filtering condition (relative to the lowpass filtering condition) for the probes involving only a change in features (observed in Experiment 2). In addition, lowpass filtering did not differentially support higher levels of performance with a configuration change in Experiment 2 in terms of either perceived similarity or discriminability. Thus, the results obtained in these two experiments fail to confirm either the low-frequency dominance or the distinct informational roles hypothesis.
It is appropriate to ask at this point whether, in fact, the low-frequency dominance and distinct informational roles hypotheses are in any way falsifiable. Indeed, there is a level of discourse at which either is tautologically true. That is, for a given retinal size of a face, if features are defined, as they usually are, in terms of finer grained geo-metrical aspects (e.g., lip size), then it follows that such information must be associated with higher spatial frequencies (though not necessarily processed by associated filters) than, say, coarser properties such as distance between the ears, or relational aspects that rely on widely scattered information. Nevertheless, a hypothesis of such a dichotomy in terms of specific frequency bands in cycles per degree (i.e., considered as a psychological processing hypothesis) runs into trouble with different viewing distances and therefore retinal sizes of the entire object. On the other hand, such critical bands figured in terms of cycles per face, although perhaps not as theoretically problematic, demand justification via some type of computational model as to how, say, spatial frequency analyzers might turn their mechanisms into this kind of relativistic operator. These problems being noted, however, it is still the case that it is both important and possible to ask questions about the relative importance of high-and lowfrequency information in tasks such as those presented here. And, in that context, the low-frequency dominance hypothesis predicted a powerful and task-independent superiority for low frequency information in natural facial patterns, whereas the distinct informational roles hypothesis predicted uniform roles for high-and low-frequency information across conditions (manipulations) and tasks. Both of these predictions were decisively falsified.
With regard to the distinct informational roles hypothesis, a reviewer suggested the possibility that the configural change (involving the movement of the mouth; see Table 1 and Figure 2 ) could be viewed as occurring at about the same scale as the featural change. If configurality requires a larger scale of change than featural processing or information, then perhaps one would not predict a difference in the results obtained for our configural change and a similar featural change. The configural manipulation certainly altered the relation between our operationally (and intuitively) defined features.
Suppose the conjecture is true. Then one would predict that our small, local configural change would produce effects very similar to those obtained with a change to the feature (the mouth). Yet the data (particularly the recognition d′ data) suggest that this was not the case. It appears that moving the mouth alters the relation between it (and various combinations of it with other features) and other features in the face and with global aspects such as anatomical physiognomy (e.g., head shape, etc.). Thus, it is entirely possible-and perhaps probable, if those who stress the importance of such configural relations are correctthat even our relatively small configural alterations engendered much more massive changes on a configural level (see also note 8). Also, the truth or falsity of the hypothesis in no way impacts the validity or import of our third major conclusion, to be discussed shortly. Finally, we should note that there are a number of examples in the literature of manipulations labeled or interpreted as configural that are equivalent in type and magnitude to those used here (e.g., Bruce, Doyle, Dench, & Burton, 1991; Haig, 1984; Hosie, Ellis, & Haig, 1988; Tanaka & Sengco, 1997) .
On a related note, it must be acknowledged and emphasized that our design cannot answer the question of whether there exists any critical spatial frequency band for faces. For instance, the band of frequencies pointed to by Costen et al. (1996) overlaps the high as well as the low frequencies in our experiments, as defined by cycles per face, but lies entirely in the low end of the spectrum when the frequencies are defined by cycles per degree. Still, we must admit to some skepticism regarding the hypothesis of a critical band. That is because the various principled relationships between psychophysical and cognitive factors observed here would seem to suggest that such a hypothesis might be relevant only for the lowest level sensory phenomena. That is, such a hypothesis may be assayable in the simplest of psychophysical tasks, but apparently can be overshadowed by pervasive cognitive influences at other, higher, levels of task complexity.
The experimental results did reveal evidence pertinent to the second of our three major conclusions-specifically, the relative efficacy of low frequencies in facial recognition. That is, the data exhibited a striking robustness of low-frequency information (relative to high-frequency information) as a probe of recognition memory, with this robustness being either static in, or even improved by, the effects of increasing RI. This conclusion finds support in the comparison of discriminability across the three experiments (Figures 5, 7, and 9) . As can be seen in Figure 5 (the unfiltered stimuli), the effect of RI on discriminability was to reduce the overall level slightly, but to maintain the general shape of the functional relationship between type of manipulation and level of performance. Looking now at Figures 7 and 9, one can see that the same finding is obtained for the lowpass filtered stimuli, both without (Experiment 2) and with (Experiment 3) a match in the level of filtering between the targets and probes. In contrast, highpass filtered stimuli showed pronounced deleterious effects of RI, far greater than those obtained when the stimuli were lowpass filtered or unfiltered.
Note that this finding does not a contradict our conclusion regarding the falsification of the low-frequency dominance hypothesis (our first major conclusion, above). That hypothesis holds that low-frequency information should optimally support performance, independent of task. Our finding suggests that low-frequency information may be more robust with respect to the effects of RI but solely in the context of a recognition task. Examination of the similarity data from Experiments 2 ( Figure 6 ) and 3 (Figure 8) shows that low-frequency information did not show either a consistent advantage over high-frequency information in similarity ratings or increasing advantage with increasing RI. In fact, the data from Experiment 2 (Figure 6 ) suggest that the advantage for low-frequency over high-frequency information was greatest at the 1-sec RI and actually diminished as the RI was increased to 20 sec. Consequently, the robustness of low-frequency in-formation was specific to the recognition task, a prediction that is at odds with the task-independent predictions of the low-frequency dominance hypothesis.
This robustness of low-frequency information across RI could well have been a contributing element to the phenomenon originally studied by Harmon and Julesz (1973) . In that oft-cited study, a picture of Abraham Lincoln was degraded, by first blocking (or quantizing) and then removing selected high-frequency components. The noteworthy finding from that study was that recognition seemed, paradoxically, to be improved when the second degradation was combined with the first. Our finding of a robustness for low-frequency information in a recognition task is compatible with the observations of Uttal et al. (1995a Uttal et al. ( , 1995b Uttal et al. ( , 1997 , who noted that the ability of low-frequency information to support performance was dependent on the degree to which the task resembles recognition rather than discrimination. For the experiments reported here, that task resemblance was a function of task type and RI and, in both Experiments 2 and 3, the effect of RI was to increase the superiority of lowpass filtered stimuli relative to highpass filtered stimuli. This interaction of perceptual information (the spatial frequency ranges) with memory information (revealed as a function of RI) returns us to the point made earlier. Specifically, our findings reinforce that it is critical to consider both the psychophysical and cognitive factors that are at work in tasks such as ours.
In fact, this last statement brings us to the third of our major conclusions. One of our critical manipulations involved shifting response demands between a task requiring discrimination and a task requiring recognition. On this dimension, our study parallels (in spirit) the explorations of Uttal et al. (1995a Uttal et al. ( , 1995b Uttal et al. ( , 1997 and, in fact, our results are quite coherent with the findings from those and other studies (Fiorentini et al., 1983; Hayes et al., 1986) . Relevant to this finding, we noted in the introduction that the detrimental impact of high levels of similarity on performance is reduced with increases in RI. This has been observed when the target and probe stimuli are presented in the same modality (Glenberg, 1984) and has been observed with both facial and nonfacial stimuli. Our findings demonstrate this same relationship: For the two manipulations that were rated as most similar to the target (those involving featural or configural changes alone), the effect of RI was to increase discriminability. For the two manipulations that were rated as least similar to the target (the distractor and the stimuli that involved both featural and configural changes), there was little if any effect of increasing RI. As might be inferred from Figure 5 , there may have been little need (or room) for any improvement with these stimuli.
The evidence presented here suggests to us that the processing of faces (or, to be precise, the processing of pictures of faces) appears to be subject to the same constraints and effects as other stimuli within the general literature. Recent work on other aspects of facial cognition (e.g., Campbell & Massaro, 1997; Ellison & Massaro, 1997) produced similar conclusions, suggesting that the hypothesis that faces are privileged stimuli (e.g., Bruce, 1988; Diamond & Carey, 1986; Farah, 1992) deserves additional and more precise attention. Finally, we believe that the useful confluence of results from both the perceptual and the memorial literature points to the need and utility for more top-down and bottom-up integration of facts and theory in both perception and memory.
